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Abstract
The world is combating an ongoing COVID-19 pandemic1-4. Health-care systems, society and the
economy are impacted in an unprecedented way. It is unclear how many people have contracted the
causative coronavirus (SARS-CoV-2) unknowingly. Therefore, reported COVID-19 cases do not re�ect the
true scale of outbreak5-9. Natural herd immunity has been suggested as a potential exit strategy during
COVID-19 outbreaks, which may arise when 50-67% of a community has been infected10. Here we present
the prevalence and distribution of antibodies to SARS-CoV-2 in a healthy adult population of a highly
affected country using a novel immunoassay, indicating that one month into the outbreak (i) the
seroprevalence in the Netherlands is 2.7% with substantial regional variation, (ii) the hardest-hit areas
show a seroprevalence of up to 9.5%, (iii) the seroprevalence is sex-independent throughout age groups
(18-72 years), (iv) antibodies are signi�cantly more often detected in younger people (18-30 years), and
(v) the number of immune individuals in the current epidemic stage is far below the herd immunity
threshold. This study provides vital information on the extent of virus spread in a country where social
distancing is in place, concluding that herd immunity to SARS-CoV-2 is not a realistic short-term exit
strategy option.

Introduction
Coronavirus disease 2019 (COVID-19) is an emerging infectious disease caused by the novel severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). The disease was �rst documented in humans in China
in December 2019. The virus has since spread globally by person-to-person transmission, resulting in an
ongoing pandemic impacting public health, health-care systems, society and the economy across the
world1-4.

Common clinical COVID-19 manifestations include fever, cough, fatigue, expectoration, shortness of
breath, dyspnoea, and muscle soreness11. The median incubation period is estimated to be 5.1 days (95%
CI, 4.5 to 5.8 days), and 97.5% of those who develop symptoms will do so within 11.5 days (95% CI, 8.2 to
15.6 days) of infection12. While the majority of patients show only mild or moderate symptoms, some
progress to viral pneumonia, acute respiratory distress syndrome (ARDS), systemic in�ammatory
response syndrome (SIRS), multiple organ failure (MOF), and death.

As of 25 April 2020 more than 2.7 million laboratory-con�rmed COVID-19 cases have been reported
including 187,705 deaths, affecting 213 countries and territories around the world4. In many countries
lockdown strategies have been implemented and social distancing is mandatory to reduce person-to-
person transmission and thereby protect citizens, mitigate the coronavirus spread and control the
associated impact on health-care systems including intensive care capacities, awaiting a signi�cant
decrease of virus circulation, population-based immunity through natural exposure to the virus (herd
immunity), or the development of effective vaccines or therapeutics13,14.
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Herd immunity to SARS-CoV-2 might arise when enough people become infected and recover, developing
immunity to the virus in the process15. Above the herd immunity threshold (HIT) the infection may no
longer persist in the population. The HIT of SARS-CoV-2 is estimated at 50 to 67%, but the incidence of
symptomatic and asymptomatic SARS-CoV-2 cases in an epidemic setting is unclear to date10.

Assuming that antibodies to SARS-CoV-2 are produced by the immune system in response to virus
exposure, serology-based tests for SARS-CoV-2 may be used to discover the true extent of SARS-CoV-2
infections and to monitor the COVID-19 pandemic, but highly accurate immunoassays were not available
to date16,17. As a result, antibodies to SARS-CoV-2 have not yet been studied on a country level.

High-quality data about immune response kinetics of SARS-CoV-2 and population-based serological
studies are urgently needed to understand the extent of the spread of and immunity to the virus. Here we
present the prevalence and distribution of antibodies to SARS-CoV-2 under social distancing in a healthy
adult population of a highly affected country, one month into the outbreak. Should natural herd immunity
be taken into account as a realistic exit strategy option?

Materials And Methods
Setting

The Netherlands is the most densely populated country of Europe with 17.4 million human inhabitants
(421 per square kilometer). The �rst Dutch case of COVID-19 was reported on 27 February 2020. An
outbreak ensued, culminating in 10,381 hospital admissions, 37,190 laboratory-con�rmed COVID-19
cases including 4,409 documented fatalities by 25 April 202018. Social distancing and lockdown
interventions were implemented nationwide on 15 March 2020.

Subjects and sampling

We studied plasma and serum samples of 7,361 adult blood plasma donors and 153 convalescent
plasma donors from throughout the Netherlands, collected from 1 until 15 April 2020. Donors were
enrolled in the study if they were accepted for routine donation including informed consent, without
further selection. At the time of donation donors must be completely healthy, but they may have been ill in
the past, provided that they recovered at least two weeks before. Hence our study covers potential
symptomatic cases of COVID-19 in the �rst four weeks of the outbreak. Subjects were de�ned by age (18-
72 years), gender, and zip code of the subject’s residence. All age groups were well represented with a
balanced distribution of male and female subjects residing in all regions of the Netherlands.

Serological testing

Donor samples were screened for antibodies to SARS-CoV-2 using a SARS-CoV-2 total antibody ELISA
(Wantai Biological Pharmacy Enterprise Co., Ltd., Beijing, China) following the manufacturer’s
instructions. Samples testing reactive (OD/CO ratio ≥1) were re-tested and considered positive if the re-
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test was reactive. For the majority of positive donors an archived sample of a previous donation from
before the start of the outbreak was available and tested, to con�rm seroconversion. Brie�y, the Wantai
ELISA used is a ‘double antigen sandwich assay’. This assay format has the following advantages: the
solid phase is coated with recombinant SARS-CoV-2 antigens, which simultaneously bind antibody
isotypes (IgA, IgM, IgG) directed to SARS-CoV-2. For detection, not a labeled anti-antibody is used, but
again a speci�c antigen-antibody binding takes place, using labeled recombinant SARS-CoV-2 antigen.
Additional testing was performed using a SARS-CoV-2 IgM ELISA (Wantai Biological Pharmacy Enterprise
Co., Ltd., Beijing, China) following the manufacturer’s instructions.

Validation and evaluation

Performance characteristics of the Wantai SARS-CoV-2 total antibody ELISA have recently been reported,
indicating a sensitivity of 100% in PCR-con�rmed COVID-19 cases (after 10-13 days following the onset
of symptoms) and a speci�city of 99.1-100%19,20. We additionally validated the ELISA using panels of
plasma and serum samples from (i) Dutch blood donors collected in March and April 2018 (n=282; 1/282
seropositive), (ii) PCR-con�rmed COVID-19 patients admitted to Dutch intensive care units in March 2020
(n=10; 9/10 seropositive; 1/10 seronegative), (iii) Dutch PCR-con�rmed COVID-19 patients with only mild
symptoms (n=11; 11/11 seropositive), (iv) Dutch plasma donors with a documented PCR-positive test
result who were at least 14 days fully recovered from mild or moderate COVID-19 symptoms (n=153;
151/153 seropositive), and (v) patients with common HCoV, CMV or EBV infection (n=40; 0/40
seropositive).

Statistical analysis

Association between the prevalence of anti-SARS-CoV-2 antibodies and age, sex and region of residence
was assessed by logistic regression analysis using R v.3.5.2.

Ethics statement

Samples were collected only from voluntary, non-remunerated donors who provided written informed
consent as part of routine donor selection and blood collection procedures. The study was reviewed and
approved by the Ethics Advisory Council of Sanquin Blood Supply Foundation.

Results
In total 7,361 donations were tested from donors without known history of COVID-19, of which 230 were
repeat reactive in the Wantai total antibody assay (3.1%). For 218/230 repeat reactive donors archived
material of a previous donation was available for testing, showing seroconversion in 188/218 donors
(86%) and pre-outbreak reactivity in 30/218 (14%); for 12 repeat reactive donors no pre-outbreak samples
were available. Positive IgM test results (in subsets of donors) were found as follows: in 144/180 (80%)
seroconverters (8 donors not tested); in 3/28 (11%) donors with pre-outbreak reactivity (2 donors not
tested); and in 8/12 (67%) donors without a previous donation. Based on demonstrated seroconversion,
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188/7,361 (2.6%) donors experienced recent SARS-CoV-2 infection. If donors without a previous donation
are included this number is 200/7,361 (2.7%). The resulting positive predictive value of the test is 86%
with a speci�city of 99.6%.

Figure 1 shows the distribution of ELISA signals in the 230 antibody positive donors, subdivided in
seroconverting donors (in red), donors with pre-outbreak reactivity (in white) and donors without a
previous donation (in blue). IgM reactivity is depicted using colored dots for each donor. The 188 donors
with con�rmed seroconversion and the twelve donors from whom no archive sample was available were
considered seropositive in the subsequent analyses.

The prevalence of antibodies to SARS-CoV-2 was not different for men and women (2.70 vs 2.73%).
Logistic regression and chi-square analysis showed that the seroprevalence in donors aged 18-30 years
was signi�cantly higher than in other age groups (Table 1; p=0.026).

The seroprevalence varied by geographic region. Figure 2 shows the distribution for the 26 municipal
health service regions of the Netherlands, demonstrating a north to south gradient.

Table 1 Prevalence of anti-SARS-CoV-2 antibodies in different age groups; 1-15 April 2020

 

Age  group   Anti-SARS-CoV-2 prevalence   95% confidence interval
 
18-30

  52/1,251 (4.2%)   3.1-5.4%

31-40   22/882 (2.5%)   1.6-3.8%
41-50   31/1,354 (2.3%)   1.6-3.2%
51-60   48/2,132 (2.3%)   1.7-3.0%
60-72   47/1,742 (2.7%)   2.0-3.8%

Discussion
The world is facing unprecedented challenges with communities and economies everywhere affected by
the COVID-19 pandemic. Social distancing and other public health measures are placing an increasing
psychological burden on people, resulting in an increasing need for exit strategies21.

As the situation evolves, public health interventions signi�cantly lower the real-time reproduction number
(Rt), which estimates the average number of secondary cases one case produces in a population made

up of both susceptible and non-susceptible hosts22. If person-to-person transmission is limited and the Rt

drops, the pandemic may be controlled on a population level until an effective SARS-CoV-2 vaccine or
pharmacological therapy for the treatment of COVID-19 becomes available13,14.

Another way out may be acquiring natural herd immunity to SARS-CoV-2 as an indirect protection
conferred by immune individuals to the susceptible ones in the population. If herd immunity to SARS-
CoV-2 is attainable during the COVID-19 pandemic, policy makers may take this into account as a
realistic exit strategy option. The 2.7% seroprevalence found in our study clearly shows that the number
of putative immune individuals in the current epidemic stage under social distancing is far below the 50-
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67% HIT. Without social distancing the chains of infection will resume shortly, even in the hardest-hit
areas with a seroprevalence of up to 9.5%. We anticipate this goes not only for the Netherlands, but for all
countries affected by the pandemic where social distancing is in place.

Our study further indicates that the prevalence of antibodies to SARS-CoV-2 varies substantially among
areas in a highly affected country and is sex-independent throughout age groups (18-72 years) in the
healthy population. Noteworthy, antibodies are signi�cantly more often detected in younger people (18-30
years), which might be related to different social behaviours and a higher exposure to the virus before
social distancing was implemented. Of course, the study only covers SARS-CoV-2 infections in the �rst
weeks of the outbreak and the results cannot be extrapolated to children, non-healthy adults and elderly
aged >72 years. However, we believe that the prevalence of antibodies to SARS-CoV-2 found in a sample
of the Dutch donor population provides an important �rst indication of the general seroprevalence until
more speci�c data become available.

The Wantai SARS-CoV-2 total antibody ELISA shows performance characteristics superior to other
immunoassays currently on the market19,20. However, despite the high speci�city of the Wantai ELISA
(99.6%), 14% of seroreactive individuals in our study were false positive based on archive samples
collected prior to the COVID-19 outbreak. The positive predictive value (PPV) of the test was calculated as
99%, 88%, and 72% in areas with a seroprevalence of 4-10%, 2-4%, and <2%, respectively. Notably, the PPV
increases with the seroprevalence and hence will increase as the outbreak proceeds. This phenomenon
must be taken into account if SARS-CoV-2 antibody testing would in the future be considered for
diagnostic services and for reducing social distancing measures.

It is unknown whether the presence of SARS-CoV-2 antibodies re�ects immunity, be it short term or long
term23,24. Wu and colleagues studied the levels and time course of neutralizing antibodies (nAbs) in 175
patients who experienced mild COVID-19 symptoms25. In those patients nAbs were detected from day 10-
15 after onset of disease and remained thereafter. Interestingly, middle-aged and elderly patients had
signi�cantly higher nAb titers (P<0.0001) than younger patients. Ten patients had undetectable nAb titers
(ID50: <40) and two showed very high titers (ID50: 15,989 and 21,567). These �ndings indicate that
antibodies to SARS-CoV-2 in asymptomatic individuals and in patients with only mild symptoms may
have limited neutralizing capacity. Like in other infections non-nAbs may play a signi�cant role in
decreasing the viral load, e.g. via Fc receptor-mediated uptake in innate cells, leading to partial or even
total protection26. Therefore SARS-CoV-2 antibody-mediated immunity, including the role and formation
of nAbs and non-nAbs, needs further research both to ascertain whether asymptomatic and non-severe
cases become immune to the virus and to assess the relevance of SARS-CoV-2-speci�c antibodies for the
development of safe and effective (i) vaccines, (ii) treatment of COVID-19 patients with convalescent
plasma transfusions, and (iii) plasma-derived medicinal products (anti-SARS-CoV-2 hyperimmune
globulins)27-29.

Gilbert and colleagues have proposed an exit strategy approach in which at �rst only seropositive
individuals, recovered from SARS-CoV-2 infection, return to their normal lives30. When the pandemic
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subsides, gradually younger low-risk people without symptoms might follow. Such an approach would
slowly build up immunity in the population, mitigating the impact on health-care systems and intensive
care capacities and reducing the intensity of future waves of the pandemic. This would make it possible
to reconcile the advantages of two opposing strategies that have been proposed: the strategy of global
containment of the population, which is economically and socially costly, and the strategy based on
natural herd immunity, which potentially involves a substantial human cost if done too fast. To put this
approach in context, we stress that serology-based tests in general come with important pitfalls until
accurate con�rmatory testing is available and that the protective effect of SARS-CoV-2-speci�c
antibodies is not yet known. An antibody testing-based exit strategy could thus lead to a resurgence of
community spread of the virus.

In conclusion, natural herd immunity to SARS-CoV-2 under social distancing is far away in the current
epidemic stage and therefore is not a realistic short-term exit strategy option. As a consequence,
downscaling public health interventions in the short term may signi�cantly increase the Rt and fuel the
COVID-19 pandemic, resulting in potentially uncontrollable situations. It is pivotal to continuously revisit
public health and exit strategies based on updated data about the extent of the spread of and immunity
to the virus on the population level.
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Figure 1

Distribution of SARS-CoV-2 antibody signals; 1-15 April 2020
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Figure 2

SARS-CoV-2 seroprevalence in the Dutch blood donor population; 1-15 April 2020


